Mn 3 GaC undergoes a ferromagnetic to antiferromagnetic, volume discontinuous cubic-cubic phase transition as a function of temperature, pressure and magnetic field. Through a series of temperature dependent x-ray absorption fine structure spectroscopy experiments at the Mn K and Ga K edge, it is shown that the first order magnetic transformation in Mn 3 GaC is entirely due to distortions in Mn sub-lattice and with a very little role for Mn-C interactions. The distortion in Mn sub-lattice results in long and short Mn-Mn bonds with the longer Mn-Mn bonds favoring ferromagnetic interactions and the shorter Mn-Mn bonds favoring antiferromagnetic interactions.
I. INTRODUCTION
Geometric frustration in lattices with triangular geometries and antiferromagnetic interactions refers to the inability of the three spins to simultaneously align antiparallel to each other. In systems such as these, the material orders by undergoing a structural phase transition to an unusual magnetic state or simply enters a glassy like state with decreasing temperatures [1] [2] [3] [4] . In recent times, the possibility of fine tuning and controlling functional properties of geometrically frustrated Mn based antiperovskites has attracted considerable attention in terms of both fundamental research and potential applications [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Among the others, technologically useful phenomena that arise in these compounds at temperatures associated with their respective first order magnetostructural transitions include large magnetocaloric effects (MCE) [18] [19] [20] and a giant magnetoresistance (GMR) of more than 10% in pulsed magnetic field 5, 21, 22 Extensive studies on multifunctional antiperovskite compound Mn 3 GaC have been carried out with the hope of understanding the highly correlated behavior of magnetism and structure exhibited by the material [27] [28] [29] . Crystallographic studies report that the intermetallic compound has a cubic structure belonging to space group Pm3m (a = 3.896Å at 291 K) analogous to a perovskite but with the positions of cations and anions interchanged in the general formula ABX 3 . Within the cubic unit cell formed by Ga atoms positioned at the corners of the cube, Mn atoms occupy the face centered positions forming a corner sharing Mn 6 C octahedra with the C atom positioned at the center of the cube 30 .
Magnetically the compound is known to exhibit three phases; when cooled below its Curie temperature (T C ∼242 K), it transforms from a room temperature paramagnetic (PM) to 
II. EXPERIMENTAL SECTION
To synthesize polycrystalline Mn 3 GaC, stoichiometric proportions of elemental Mn and C powders were carefully mixed with ingots of Ga, pelletized and sealed in an evacuated quartz tube that was heated at 1073 K for five days. On cooling to room temperature the compound formed was pulverized and mixed with additional carbon powder (about 20%) before being pressed into a pellet that was annealed using a similar procedure 19, 29 .
Temperature dependent x-ray diffraction patterns were recorded using CuKα radiation while magnetization measurements in the 5 K to 300 K range in fields upto 7 T were carried out using a Quantum Design SQUID magnetometer and Quantum Design Vibrating sample magnetometer. Absorbers used for EXAFS measurements in transmission mode were made up of multiple strips of scotch tape uniformly coated with powdered material that gave an absorption jump µ ≤1. Ionization chambers filled with appropriate gases were used to simultaneously record the incident (I 0 ) and transmitted (I t ) photon intensities at the Ga (10367 eV) and Mn (6539 eV) K edges (using beamlines NW10A and BL-9C at Photon
Factory, Japan and P-65 at PETRA-III synchrotron source, DESY, Hamburg, Germany)
in Mn 3 GaC. Extraction of structural parameters was carried out using standard procedures such as pre-processing of data, theoretical modeling with basic crystallographic information and fitting of the R-space experimental data to theoretical EXAFS functions using various applets of the Demeter program 45 . XAFS which is widely used as a tool to define the local structure about a specific atom was utilized to directly measure the temperature dependent local structure of Mn and Ga in Mn 3 GaC. Finer aspects of the technique were utilized to map structural distortions that may arise within the local structure of the corner sharing Mn 6 C octahedra at the first order transition. XAFS data were collected and analyzed up to k = 16Å −1 (∼ 1000 eV) from the absorption edge energy at the Mn and Ga K edges of Mn 3 GaC in the temperature range of 50 K to 300 K. In order to isolate contributions from the various near neighbor atoms, the oscillatory XAFS signals (χ(k)) were appropriately weighted by k n (n = 1, 2 or 3) and A results from contributions due to direct scattering from third nearest neighbor, Mn (MnMn(2)) as well as multiple scattering from linear Mn-C-Mn correlations which consist of Mn-C-Mn(2)-Mn and Mn-C-Mn(2)-C-Mn scattering paths. For clarity the geometry of the above mentioned multiple scattering paths is described in supplementary text 46 . Magnitude of FT of Ga K XAFS shows one strong peak due to contribution from the nearest 8 Mn atoms followed by a weak peak at about 2.8Å due to contribution from Ga-C scattering and another peak at 3.5Å due to Ga-Ga correlation. Both Mn and Ga XAFS data was fitted with all major structural correlations up to 4.0Å.
III. RESULTS AND DISCUSSION
In the first attempt, the local structures around Mn and Ga in Mn 3 GaC were fitted using restrictions imposed by cubic symmetry (cubic model). A good fit was observed for Ga XAFS data at 300 K with bond distances in good agreement with values calculated from lattice parameter. In fact good fits were obtained at all temperatures down to 100 K with the cubic model as can be seen from Figure 2 (b) which depicts |χ(R)| data of Ga XAFS at 300 K and 100 K. However, there were some issues with the best fit to Mn XAFS though it appeared to be good and gave quite a low R-factor (∼ 0.02). The major issues with the fitting primarily were, (a) lower values of Mn-Mn and Mn-Ga bond distances as compared to their values from lattice parameter (see Table S1 of supplementary information) and (b) very high value (0.04Å 2 ) of mean square radial disorder (σ 2 ) for the Mn-C-Mn⊥ path.
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